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This issue authored by Dr. Aggy Vanderpool, Associate Professor of Biology, at
Lincoln Memorial University, where she has served on the LMU School of Math
and Natural Sciences faculty since January, 2003. Dr. Vanderpool teaches within
the Department of Biology and serves as an aquatic biologist with a background in
fisheries science, aquaculture and water quality. She also currently serves as the
Secretary/Treasurer for the Tennessee Chapter of The Wildlife Society. For the
past six years, Dr. Vanderpool has worked in partnership with the U.S. Fish and
Wildlife Service and the Virginia Department of Wildlife Resources to assist with
the stocking and monitoring of endangered freshwater mussels in the Powell River

as part of ongoing state and federal recovery plans for mussel diversity. Her work
is supported in part by her academic department, the Cumberland Mountain Research Center at LMU and the Well Being Foundation of Tazewell, Tennessee. Dr.
Vanderpool has been joined through the years by multiple undergraduate research
students, many of whom are supported by funding through the Appalachian College
Association. Dr. Vanderpool considers the experiences provided by practical research in combination with academic instruction to be the single-most effective tool
in preparing the next generation of young scientists.
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MUSSEL MUSINGS ON THE POWELL RIVER
Dr Aggy Vanderpool
“It is a bright morning in September and the cool water of the river flows
around me as I sit back on my heels to adjust my mask and snorkel. The sun
flashes across the riffles and pools, catching the greens and browns and dark
broken stripes of color on the
small mussel shell I am holding in my hand. This is the
shell of the rainbow mussel,
Villosa iris, a common species
of freshwater mussel native to
the Powell River where I am
enjoying this late summer day.
(Figure 1) It is a beautiful
shell and belongs to one of the
last thirty-six or so estimated
species of freshwater mussels
Figure 1. Adult rainbow mussel, Villosa iris,
still inhabiting the upper
reaches of the Powell. But this from the Powell River. Photo courtesy of Tim
Lane, Virginia Department of Wildlife Rewas not always the case.”
sources VDWR.

Surveys of freshwater mussels in the Powell River conducted since the early
1800’s have reported a myriad of species and abundance of numbers of mussels.
Early records described forty-six species of mussels with memorable names like the
Appalachian monkeyface, the birdwing pearlymussel, the shiny pigtoe, the purple
wartyback, and the Tennessee heelsplitter. A comprehensive survey of the mussel
fauna in the Powell River published in 2012 found evidence of 29 species of mussels, eleven species of which were either listed as federally endangered or were candidates for listing at the time of the survey. Evidence for reproduction and recruitment in the form of young mussels, was recorded for 16 species (Johnson, M. et.
al., 2012). These results indicated that a loss of nearly one-third of all mussel species has occurred in the Powell River since the earliest records. Additional studies
noted significant declines in mussel species and numbers in the Powell in the upper
reach of the river in Virginia in 1918 and a continuing loss of mussels from the remainder of the river reach from the 1960s to the early 1990s (Neves, et.al.,1997).
Causes of freshwater mussel declines are numerous, but are mainly centered on
human activity in the river and its watershed. Coal mining in the river watershed,
gravel mining from the river bottom, agricultural practices and land clearing,

timbering and tree-cutting on steep mountain slopes all led to sediment-filled runoff
which greatly reduced water quality and continues to degrade critical habitat for
mussels to this day. Runoff laden with coal fines and dust created blackwater
events in the early 1980s when the river was so filled with coal proved too much for
many mussel species in the river and their numbers dwindled into extinction. And
yet, hope remains for the 36 or so species believed to be extant in the river. Conservation efforts for endangered species of mussels have been sustained since the surveys that led to the 2012 report. A new generation of hatchery managers and personnel have begun to specialize in the propagation of freshwater mussels. (Figure 2)

“The rainbow mussel shell in my
hand is a common species in the
Powell, but it is beautiful. I let
the glistening shell drop back to
the river bottom as I continue
my musings about mussel biodiversity in the Powell. The team
is surveying for endangered
mussels today and the morning
in drawing on. Today we are on
the hunt for two species of endangered mussels. These young
mussels have been fitted with
electronic tags to make their
capture and monitoring possible. I drop the mask and snorkel
back into place and turn my attention to the river gravel.“
Figure 2. Freshwater mussel species from Critical Habitat
the Powell River, propagated at the
The Powell River and its sister
(VDWR) Aquatic Wildlife Conservation
Center near Marion, Virginia. Photo by river the Clinch, have long been
the author.
considered two of the most biologically diverse rivers systems remaining in North America. Originating from spring-fed mountain streams in Wise
County, Virginia, the Powell River is born in the heart of coal mining country in
the central Appalachians. The river winds its way like a thin green ribbon, flowing southeast among limestone bluffs and steep basin slopes from southwest Vir-

ginia into northeast Tennessee. Along its 186-mile course, the Powell passes
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from heavily forested headwaters of oak and hickory, shaded by mountain laurel,
into wider basins lined with sycamore and box elder and the occasional stand of
river cane. Occasional stretches of
river are marked by gravel and
cobblestone substrate. Shallow
riffles and runs of faster flowing
water, replete with dissolved oxygen and carrying organic debris
from the headwaters are spaced
among quieter stretches of the

river. These sand, gravel and cobble riffles mark the home of freshwater mussels. This is critical
habitat for mussel survival. Here
the river substrate provides the
ideal mix of gravel and fine particles into which young mussels can
burrow and attach and begin their

process of feeding and growth.
By the very nature of the river
substrate, mussel habitat is fragmented and therefore limited.
(Figure 3)
Freshwater mussels are filter
feeders. They sieve bacteria, algae and other organic and mineral
materials from the flowing water
using an opening called a siphon
which pulls water into their gill

Figure 3.“Mussel Finder” Wyatt Vanderpool
prepares for a day of monitoring tagged mussels in a critical habitat riffle area on the Powell. Photo by the author.

chambers. Filtered water, fecal material and undigested materials are then expelled
through an exhalent aperture back into the water column. A single adult mussel can
filter up to twelve gallons of water per day (Jones, J. 2015). Because mussels tend
to live in large aggregations called beds, their combined effects on water quality in
a river system can be significant. Filter feeding by mussels clarifies the water, reducing fine particles that might otherwise clog the gills of tiny aquatic insects and
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and crustaceans or smother fish eggs. Through their ingestion of small particles
suspended in the water and elimination of waste, mussels help to cycle valuable
nutrients through the river ecosystem, making those nutrients available to cellular
life and aquatic plants at the base of the food web. In this way mussels serve as
nature’s water purification system.
In addition to their valuable role as natural water filters, freshwater mussels are
engineers of the river bottom. The burrowing and movement of mussels within the
gravel and fines of the substrate helps to move substrate materials around, releasing
yet more nutrients into the water column. Mussels attach to the river bottom using
a muscular foot, which protrudes between their two shells. The strong muscle of

the foot provides an anchor to the substrate, holding the mussel in place when water
flow increases. This attachment also helps to hold small particles and gravels in
place during spring spates and high water events, preventing the loss of valuable
substrate materials downstream. Mussels burrowed into the river substrate helps to
stabilize the substrate for other aquatic organisms. Finally, mussels provide an important link in the food web of a river ecosystem by serving as food for other animals of the river ecosystem including fish, otters, muskrats, raccoons and herons.

Mussel Biology and Life Cycle
Learning to propagate freshwater mussels in a hatchery setting is not an easy
endeavor, in part because mussels are long-lived animals with a complex life history. Freshwater mussels are bivalve molluscs, belonging to the animal family Unionidae. The body of the mussel is enclosed within two shells called valves, hence
the name “bivalve”. Freshwater mussels are distinguished from their marine counterparts such as clams and scallops by a having a separate step in their reproductive
process which involves a host fish. Fertilized eggs develop within the gill tissue of
the female mussel and are released into the water as tiny larvae called glochidia.
For most mussel species, the glochidia will attach to and encyst as ectoparasites on
the skin and gill tissues of the host fish in order to develop into juvenile mussels. In
order to attract a suitable host, the female mussel produces a lure from the mantle
tissue of her body.

Mantle lures are designed to mimic common prey items of the

host fish. (Figure 4) The need for the female mussel to attract a host fish using her
lure has resulted in the evolution of, in the words of U.S. Fish and Wildlife Service
(USFWS) Biologist Dr. Jess Jones, “some of the most complex and striking mimicry known in the natural world.” (Jones, J. 2015). Mantle lures can resemble worms,
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Figure 4. The black sandshell mussel, Ligumia recta, displays a lure that is specialized to resemble a minnow, complete with tiny eyespot. The lure is a portion of the
mussel’s mantle tissue and is designed to attract passing walleye or sauger which
serve as host fishes for the black sandshell. Photo courtesy of Tim Lane, VDWR.

aquatic insects and even crayfish! The lure of the female mussel will attract the
host fish closely enough to snap closed on the head of the fish, instantaneously releasing thousands of glochidia onto the head and gills. The fish is then quickly released with the glochidia attached. (Figure 5)
Mussel glochidia grow within the tissues of the host fish and typically drop off
into the river substrate after 10 days to two weeks. The parasitic stage is considered
to be relatively harmless to the host fish. For many mussel species, the fish that
serve as hosts for the glochidia are limited to one or only a few species (Virginia
Departmetn of Wildlife Resources, VDWR). The relationship between juvenile
mussels and host fish provides a means for the tiny mussels to be dispersed
throughout a wider range of the river habitat. Diminished populations of fish within
the Powell River can translate to diminished populations of freshwater mussels as
mussel reproduction is uniquely dependent upon the fish.
Juvenile mussels are very small, typically less than 0.5 mm in size and they are
particularly susceptible to degradations in water quality from pollution or sediments. Young mussels must burrow into the river substrate and attach in order
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to survive swift river currents and to hide from predators. Many mussel species are
extremely long-lived having been reported to live as long as 25-50 years in the wild
(Haag and Rypel, 2011).
Hatchery propagation of freshwater mussel species has become an important
tool in restoration efforts for both common and endangered species in the Powell
River. Hatchery-reared juvenile mussels are stocked into critical habitat areas to
raise population sizes of threatened and endangered species in hopes that some proportion will survive to reproductive age and begin to replenish dwindling species.
Juvenile freshwater mussels are supplied to the Powell River from two major hatcheries in Virginia, the Freshwater Mollusk Conservation Center in at Virginia Tech

University in Blacksburg, Virginia and the Virginia Department Wildlife Resources
(VDWR) Aquatic Wildlife Conservation Center near Marion, Virginia. Adult mussels of sensitive species and candidate host fish are collected in the field and
brought to these hatcheries to encourage reproduction under protected and controlled conditions. For most species, juvenile mussels are raised in the hatchery
until the age of two years or approximately 25 mm in size before release back intoback into the river. Many of the juveniles released are tagged for ongoing monitoring in the Powell by staff from the USFWS, VDWR and Tennessee Wildlife Re-

sources Agency (TWRA) and faculty and students from both Virginia Tech and
Lincoln Memorial University.

Figure 5. Adult female oyster mussel, Epioblasma capsaeformis, one of several
endangered mussel species native to the Powell River displaying her lure. Photo
courtesy of Tim Lane, VDWR.
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“Lunchtime has arrived for our team on the river. Rising from the river bed
and carrying our equipment to the bank, we quickly begin to record the information for the young mussels we have recaptured. Mussels are cryptic in
their coloration to allow them to hide in the substrate from hungry otters,
muskrats and birds. Without the tiny, brightly colored Hallprint tags attached to their shells, they would be almost impossible to spot, even with the
help of the PIT (passive integrated transponder) tags on the shells and the
electronic signals they emit. One by one, the tiny mussels are measured with
calipers and examined for any damage. Then they are returned to the river
bottom. It has been a good morning so far and we are well on our way to recapturing 50% of our tagged juvenile mussels. The crew is ready for lunch
and a break from breathing through the snorkel.”
Mussel Recovery and Restoration Research
Due to their small size and cryptic coloration,
juvenile mussels are hard to find in the sand and
gravel of the river bottom. Seasonal monitoring
of young mussels provides important information about growth and survival. Research
tools used to assist in recapturing and monitoring young mussels stocked in the Powell River
include tiny plastic Hallprint tags which are
brightly colored and list a four-digit identification number that is unique to each mussel
stocked. Hallprint tags may be attached to the
valve of a juvenile mussel using super glue and
generally remain attached for between two to
three years in the wild. They are helpful in
making the small mussels more visible to re-

searchers surveying stocking sites. (Figure 6)
Figure 6. Tiny colorful Hallprint
tags are attached to one valve of
juvenile mussels prior to stocking. The tiny tags identify individual animals by number and
assist with locating the mussels
burrowed into the river substrate
during surveys. Photo by the
author.
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PIT tags may also be attached to the valves
of juvenile mussels prior to stocking. PIT tags
are attached to mussel valves using dental cement which is nontoxic and more likely to remain attached for three to four years. The Hallprint tags and PIT tags used for two-year old
juvenile mussels at stocking are each about the

size of a grain of rice. (Figure 7) PIT tags emit

signals when activated by an antenna called
a PIT-tag reader. The reader is waved over
the river substrate like a wand in an area
where mussels are being monitored. A small
beep is heard when the reader detects a tag.
The search is then on within a small, 30-45
cm radius, for the tagged mussel. A light on
the reader flashes more quickly as the wand
of the reader moves closer to the tag helping
to narrow the search. Crews of three to four

Figure 7. Juvenile endangered oyster mussels, Epioblasma capsaeformis, and cumberlandian combshell mussels, Epioblasma brevidens, with PIT tags and Hallprint
tags attached in preparation for
stocking in the Powell River. Photo
courtesy of Tim Lane, VDWR.
people are typically required to conduct

a survey and a full day is usually required to survey a single monitoring
site. (Figure 8).
Since the early 2000s, Virginia
hatcheries have produced and stocked
thousands of juvenile mussels of more
than two dozen species for stocking in
the Clinch and Powell Rivers in Virginia and Tennessee (Jones, J. 2015). Two
species of endangered mussels in particular have been propagated and
stocked in large numbers and the TenFigure 8. Students from Lincoln Memorial University conducting surveys for
tagged endangered freshwater mussels in
the Powell River using a PIT-tag reader.
LMU alumnus Jacob Lanning operatues
the PIT-tag reader. Photo by the author.

nessee reach of the Powell River and
monitored since 2012, the oyster mussel, Epioblasma capsaeformis and the
Cumberlandian combshell mussel, Epioblasma brevidens. Recapture rates for
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for juvenile mussels stocked into the river are highly dependent upon the ability of
the small mussels to move and burrow within the substrate so that they are not
washed downstream of the monitoring sites during high water flows. Predation and
death by natural causes as well as stress due to water quality issues affects the number of live mussels recovered during monitoring. Several monitoring sites currently
exist in the Powell for PIT-tagged juveniles of both species. While monitoring of
these species indicates that juvenile mussels are surviving and growing within the
river, only limited evidence exists for the
reproduction and recruitment of E. brevi-

dens in the Powell (Johnson, M. et. al.,
2012). (Figure 9)
Looking Forward
In 2016, the Upper Tennessee Mussel
Recovery Group, a multi-agency task
force comprised of members from
VDWR, TWRA, USFWS and The Nature

Conservancy and Virginia Tech University, crafted a ten-year strategic plan for
recovery of rare mussels in the upper
Clinch and Powell Rivers (Beaty, B. et.
al., 2016). This task force has identified a
30-mile stretch of the Powell River in
Virginia ending just at the Tennessee bor- Figure 9. Adult female cumberlandian
combshell mussel, Epioblasma brevider that has the best conditions for mussel
dens, displaying a lure in the Powell
recovery. All mussel populations above River. Photo courtesy of Tim Lane,
this point in the Powell River are consid- VDWR.
ered to be severely degraded. The strategic report outlines two major courses of action that must be taken by agencies involved in mussel restoration in the Clinch and Powell Rivers. The first is to greatly
increase the propagation and stocking of mussel species of concern in hatchery facilities. The second is to target specific sections of the Clinch and Powell Rivers
for stocking with juvenile mussels to give them the best chance possible of survival
and recruitment. The plan notes that rather than spreading mussels thinly over sev9

eral sections of river, it is likely more effective to rebuild mussel populations one
or two sites at a time, over decades (Beaty, B. et. al., 2016).
Close to the time of release of the Upper Tennessee Mussel Recovery Group
strategic plan, tragedy struck the freshwater mussel communities of the Clinch River. Surveys conducted in September 2016 revealed that huge numbers of the pheasantshell mussel, Actinonaias pectorosa, were dying in the river. At first biologists
surmised that the cause might be human activities including pollution or habitat
degradation, but given that only one species was affected at the outset, the search
for a cause soon focused on the possibility of an infectious disease capable of killing mussels (Rott, N., National Public Radio, 2019). At the time of this writing, the

cause of the mussel die-off in the Clinch has still not be definitively identified but
healthy specimens of pheasantshell mussels have been brought into hatchery systems for protection and propagation. The die-off has not yet spread to the Powell
River and mussel researchers are carefully watching and monitoring with bated
breath hoping that the Powell will escape the cataclysm of the Clinch.
“The sun is setting on the river now
and light levels are dropping quickly.
The substrate is becoming harder to

search and it is time for our team to
call it a day. It has been a good one.
We have recovered and measured
nearly 65% of the 100 tagged mussels
Figure 10. LMU alumni Victoria Long
(front), Michelle Russell (far left), and
are growing and appear to be
Haydn Jones (center) were instrumental
healthy. Working with endangered
in endangered freshwater mussel tagging
species is always a rollercoaster of
and monitoring efforts on the Powell
emotions. We are elated to have
River. Photo by the author.
found so many of the mussels stocked more than two years ago and at the same
stocked at this particular site. They

time mindful of just how few of these animals continue to exist in the world.
Our goal is to help communities of freshwater mussels to become reestablished
and self-sustaining within the river. Those mussel communities in turn, will
help the river ecosystem to improve in health and biodiversity, to heal. I look
down at the little oyster mussel with its colorful tag resting in the palm of my
hand and realize that between those two small shells lies the most important
factor of all, hope. (Figure 10) “
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About the Cumberland Mountain Research Center
Named for the Cumberland Mountains in which Lincoln Memorial University
(LMU) was founded, the Cumberland Mountain Research Center (CMRC) was established in 1990 on the LMU campus to foster a collaborative research environment among faculty and students as part of the larger science education mission of
the University, and to provide a broad range of research facilities, opportunities,
and resources to LMU faculty and student researchers. The original objective was
to take advantage of the unique ecology of southern Appalachia that surrounds the
Cumberland Gap region. Working with a variety of institutions and organizations,
including state and federal agencies, these efforts quickly expanded to include many
areas across the Southeastern United States, as well as westward into Arkansas.
Shortly after this time, the CMRC also began developing international opportunities
and it continues to provide and facilitate regional, national, and international research and educational opportunities for LMU faculty and students to this day.
With a particular interest in conservation biology and ecology, the CMRC is
committed to enhancing research support to LMU faculty and students by facilitating the scholarship of discovery through high-quality research, creative activities,
and outreach initiatives. Central to this mission, the CMRC seeks research opportunities, partnerships, and collaborations to foster strong research and outreach ef-

forts, as well as seek funding and resources necessary to facilitate these endeavors.
As a point of contact for all it’s stakeholders, partners, and collaborators, the
CMRC facilitates, as needed, project and research development, management, communication, and dissemination of results while adhering to the highest ethical standards and professional best practices.
For additional information about the CMRC and its activities, please contact the
CMRC Director, LaRoy Brandt, via email at laroy.brandt@LMUnet.edu, the LMU
School of Math and Sciences, or the LMU Department of Biology. You can also

follow the Cumberland Mountain Research Center on Facebook.
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